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Appl. No 10/707,997 
Responso da tod September 27, 2005 

REMARKS 

Claim 2 is amended; claims .1-39 arc pending in the application. 
ClaiTTis 1 and 7-10 stand rejected as obvious in view of Dean; claims 2-6 and 
1 1-39 stand rejected as obvious in view of Dean in combination with either 
Johnson or Herbst. The amendment to claim 2 corrects a minor error for the 
purpose of clarification and presents no new matter. Further examination of 
the application as amended and reconsideration of the rejections are 
respectfully requested. 

By way of backgromid, applicant's invention, as recited in claim t 
provides a method for supercritical conversion of high-boiling hydrocarbons 
(>1000°F) to low boiling hydrocarbons (<1000°F)- The feed high-boiling 
hydrocarbons arc supplied in a mixture with a solvent (boiling point 
<1000°F) at a minimum weight ratio of two-thirds solvent to no more than 
one-third feed hydrocarbons. The feed/solvent mixture is heated by 
admixture with hot particles, which need not be catalytic (see the 
specification at 22/12 through 23/1 3, especially 23/4-9), and maintained at a 
temperature and pressure that exceed the critical temperature and critical 
pressure of ihe solvent/feed hydrocarbon mixture. The presence of the 
solvent alters the mixture critical properties, generally by reducing the 
critical temperature relative to the high-boiling hydrocarbons in the feed and 

Page). 2 of 21 

PAGE 13«4 4 RCVD AT 9^7/2005 2:57:13 PM [Eastern Daylight rrnie] * SVR:USPTO-EFXRF-6/35 ^ DNIS:27383M * CSID7136522556 * DURATION (mm-ss):12-24 



Appl Mo. 107707.997 
Response dated September 27, 2005 

increasing the critical pressure relative to both the feed and solvent 
hydrocarbons. See the specification at 37/9 through 41/2 and Figs. 8-14, 
especially 38/9-22, Converted low boiling hydrocarbons are recovered and 
separated from solids upon which coke is deposited. 

Dean discloses a fluid catalytic cracking (FCC) process that employs 
a special ultrastable crystalline zeolite of high silica to alumina ratio that is 
said to increase light cycle oil formation, while reducing heavy cycle oil and 
coke make. The office action alleges, "Dean discloses an FCC process 
wherein a heavy oil teed having components boil above lOOOT [sic, 600 °F] 
is charged into a riser reactor to contact with a hot catalyst at a temperature 
equal to or above the feed pscudo critical temperature , , . Dean also 
discloses that the feed is mixed with light hydrocarbon. See col. 2, lines 16- 
38; coL 8, line 2 through col 9, line 9; claims 1 and 10." The ciled passages 
h orn Dean read as follows: 

2/16-38: 

"The catalytic cracking or conversion of heavy oil feeds comprising atmospheric 
tower bottoms vacuum gaA oils plus resid, residual oil, reduced crudes, and lopped 
crudes, shale oil, coal liquefaction oil products and tar sands oil products all of 
which comprise components boiling above 1000°F. or i050"f. arc best 
catalytic-ally converted in a highly vaporized-atomized contact phase of the oil 
feed with select fluid catalyst particles of a composition herein identified. The 
heat necessary to substantially completely vciporize-ciiomize all of the high boiling 
oil feed is contributed by a relatively high regenerator temperature operation of at 
Jeast about 135(TF. and preferably above 1400°F. completed in the substantial 
absence of hydro- thermal damage to the catalyst. The more conventional zeolite 
cracking catalysts comprising relatively large amounts of one or more rare-earth 
exchanged faujasite zeolites are susceptible to considerable hydro-thermal 
deactivation under high temperature regeneration conditions above about 1400°F. 
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and required to remove relatively large amounts of hydrocarbonaceous materials 
deposited during residual oil cracking operations/* [Fwphasti added.] 

8/;2-9/9; 

*\ . . equal to the feed pseudo-critical temperature. Thus the catalyst regeneration 
Temperature wiJi increase above 135<H\ during combustion of deposited 
carbonaceous material as the residua] oil feed Conradson carbon value increases 
even though the ultra stable /.eoliie catalyst composition employed in the 
conver sion process of this invention contributes to a reduction i n coke make. Thus 
when processing vacuum gas oils comprising the resid portion of the crude oil, 
regeneration temperatures above 1350 f T. and up to as high as 1600°F. or more can 
be experienced as carbonaceous deposits increase in response to the (feed 
Conradson carbon, content. 

•The catalytic conversion operation of this invention is preferably one of 
relatively shorr vaporized hydrocarbon contact with, the special catalyst 
composition comprising from 20 to 80 wl% of ullr&stuble crystalline zeolite as a. 
dispersed catalyst phase in a riser contact zone wherein the hydrocarbon residence 
time in contact with catalyst particles can be restricted to within the range of 0.5 
to 5 seconds and more usually in the range of 1 to 3 seconds. This dispersed 
catalyst phase-vaporized hydrocarlxm contact may be implemented in substantial 
measure by the use of an atomizing diluent material with the high boiling 
hydrocarbon feed. Diluent materials suitable far this purpose include steam, 
C02, tight normally gaseous hydrocarbons comprising C3 minus material or a 
combination thereof in an amount which will reduce the high boiling feed partia l 
pressure and achieve desired atomized-vajinrized dispersion contact of 
hydrocarbon feed with high temperature catalyst panicles. Atomization of the 
feed may be substantially implemented by use of appropriate spray nozzles. Thus 
the operating parameters to achieve an optomhed [sic] contact between feed and 
catalyst particles also include feed exit velocities in excess of JO feet per second 
to achieve atomized spriryin^ of the feed with or without diluent material across a 
riser reactor cross section for in timate contact with hot catalyst particles charged 
thereto. 

*The above identifier! operating parameters are intended to also accelerate the 
mixture relatively uniformly within the feed vaporization section of a riser reactor 
in a minimum time frame and thus enhanee rapid heat transfer from hot catalyst 
particles to charged feed preferably atomized and thus prevent localized enhanced 
catalyst to oil ratios contributing to a dense catalyst bed phase. That is, the 
operating conditions and methods for implementing are selected to ensure a 
relatively dilute phase suspension contact between catalyst particles and atomized 
oil feed for vaporized conversion transfer through a riser conversion zone. Such 
dilute catalyst, phase operations include catalyst panicle concentrations in the 
range of 2 to JO pounds per cubic foot and preferably not above about 5 pounds 
per cubic foot. 
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"The catalyst hydiocarbon feed suspension formed as above provided is passed 
through a riser contact zone for a hydrocarbon contact lime less than about 5 
seconds be /ore discharge therefrom at a temperature sufficiently elevated to 
maximize recovery of vaporized hydrocarbon materia! separately from catalyst 
particles. En a more particular and specific #spe*:L the present invention is directed 
to the catalytic conversion of high boding residual oils comprising vacuum gas 
oils containing high boiling Cotirudsoti carbon producing materials employing a 
spe;ei:d ulfraslabte crystalline zeolite containing catalyst at a temperature equal to 
or above, (he feed pseudo-critical temperature in preferably a riser contact zone for 
a hydrocarbon residence time in the range of 0,5 to about 5 seconds and more 
usually not above about 3 seconds. 

"Thus as the end boiling point of the hydrocarbon iced or the Conradson carbon 
level Lhereof increases so also will the catalyst regeneration temperature generally 
increased in response (o increased deposited carbonaceous material removed by 
combustion and contributing to high temperature regeneration and conversion of 
the feed according to the concepts of this invention." [Emphasis added,] 

Claims 1 and 10: 

I, A mediod for .[.up grading . }. increasing conversion to liquid products of a 
residual oil portion of crude oil boiling above 600T?. comprising mctaJlo-orgame 
compounds which comprises contacting a feed containing said residual portion of 
crude oil boiling above <300°F, said feed having a Conradson carbon content 
above about 2,5 weight percent with a catalyst consisting of from 20 to 80 wt. % 
of an uhrastable faujasite crystalline zeolite dispersed in a .[.silieartlay.]. matrix 
time at a temp e ratur e particularly s e l e ctive for conve ysi on of the residu al 
pertkm- of crude oil-t<> product ? ? of gasoline, light cycl e oil and gasolin e formin g 
gaseous -eoffiponente; *md 

the group confuting of: silica-clay, silica-alumina, clay, silica, alumina and 
matures thereof at a temperature above about 950"F. to provide a ratio of 
volume percent of light cycle oil to heavy cycle oil of in excess of 1.03 at 
essentially constant conversion and recover said light cycle oil and heavy cycle 
oil. [Emphasis in original.] 

JO. The method of claim 1 wherein an atomizing diluent material is nsed with the 
residual oil feed comprising one or more materials selected from steam, C02, 
light normally gaseous hydrocarbons comprising O minus materials in 
cooperation with atomizing spray nozzles. 

The office action further concedes that Dean docs not specifically 
disclose the feed has normal boiling points above 1000 °F, but asserts that it 
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would have been obvious to modify Dcwn ''because one of skill in the art 
would use any feed having boiling points greater than 600 M F including a 
feed having a boiling point greater than 1000 "F with the expectation tbtit 
any feed having boiling point greater than 600 °F can. be treated in the 
process , of Dean." 

Significantly, the office action appears to overlook several key ant I 
critical differences between Dean and applicant's method, besides the 
boiling points of the feed. Dean is not a supercritical solvent process, Tn 
particular, Dean foils to teach or suggest (!) the use of solvating 
hydrocarbons, (2) a weight ratio of solvating hydrocarbons to feed 
hydrocarbons of at least 2:1, (3) operation of the reactor at a temperature 
above the critical temperature of the feed/solvent mixture, and (4) operation 
of the reactor at a pressure above the critical pressure of the feed/solvent 
mixture. 

In claim L applicant recites that solvating hydrocarbons have a 
boiling point below 1000 "F and the feed hydrocarbons have boiling points 
above 1000 °F, Deem 'y purported disclosure of feed hydrocarbons boiling 
above 600 °F does not leach or suggest a mixture of feed hydrocarbons 
boiling above and solvating hydrocarbons below 1000 °F. Even if Dean did 
suggest feed hydrocarbons boiling above 1000 °F, it still would have failed 
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to suggest applicant's mixture of feed hydrocarbons boiling above 1000 °F 
with at least 2 pans by weight solvating hydrocarbons boiling below 1 000 
°I\ Note that Dean's disclosure of &n atomi/alum diluent at 8/22-40 
suggests dispersion of the feed oil as in droplets into a low density or 
gaseous phase to promote contact between the catalyst and oil droplet. This 
leaches squarely away from, applicant's feed/solvent solution, where the 
solids are supplied merely as a heat source and physical or chemical contact 
between the teed hydrocarbon and (non-catalytic) solid particles is not 
required. Moreover, the Dean atumization diluent is steam, C02, or a light 
normally gaseous hydrocarbon with 3 or fewer carbon atoms; steam and 
C02 are not even hydrocarbons, and C3 minus gas is not. a likely solvent at 
conventional near-atmospheric FCC pressures. 

Claim 1 further recites that the weight ratio of low-boiling solvating 
hydrocarbons to high-boiling feed hydrocarbons is at least 2:1, i.e. no more 
than one-third feed hydrocarbons (excluding the recirculated solids). 
Applicant's claimed process requires the solvent to effect thermal 
conversion at supercritical conditions of the feed-solvent mixture. If the 
ratio of solvent to feed is too low, the supercritical temperature/pressure of 
the mixture are too high and/or thermal conversion is too low with excessive 
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coke make with reactor fouling or plugging. See the specification at 
paragraph and [0047], 

Dean teaches squareiy away from this approach, and instead relies on 
special ultrastable faujasite catalyst to Inhibit coke make, hi sharp contrast 
to applicant's claim 1, Dean discloses only that the optional atomizing 
diluent material, if it is even used, is present "in an amount which will 
reduce the high boiling feed partial pressure/ 5 In general, the partial 
pressure is understood by the skilled artisan to be proportional to the volume 
fraction of a vapor or gas, so that the presence of steam in the well known 
example of steam distillation, for instance, will result in more vaporization 
of a high boiling hydrocarbon. This suggests a lower operating pressure in 
Dean to facilitate vaporization of the feedstock, rather than the relatively 
high supercritical pressure condition in applicant's invention. Dean 
certainly does not preclude operation with a low solvent:feed ratio, and does 
not at all suggest the criticahty of the 2:1 ratio claimed by applicant 

Claim 1 further recites that the reaction zone is maintained above the 
critical temperature of the feed mixture, i.e. the mixture of high-boiling feed 
hydrocarbons and solvating hydrocarbons. See paragraphs [0007] and 
[0041], inter alia. This is achieved by introducing the hot particulates and 
the feed/solvent mixture into the reaction zone so that the analogous thermal 
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equilibrium temperature (of both reaetants and reaction products) is above 
the mixture critical temperature. The solvent serves to lower the critical 
temperature of the mixture as described in paragraph [0047] so that a 
desirably low operating temperature (relative to the feed mixture Te) that is 
above the mixture critical temperature can be used. In contrast, Dean says 
only that the regenerated catalyst is at a temperature above 1350 °F and is 
equal to or above the feed pseudo-critical temperature; no teaching or 
suggestion is found anywhere in Dean to employ a relatively large solvent 
proportion (> 2:1) and a temperature throughout the reaction /one that is 
above the critical temperature of die mixture of feed and solvent (and 
reaction products). 

Similarly, claim 1 recites that the reaction zone is maintained above 
the critical pressure of die feed mixture, i.e. the mixture of high-boilmg feed 
hydrocarbons and solvating hydrocarbons rather than just the solvating 
hydrocarbons or the feed mixture. See paragraph [0041]. Tt is well known 
that the critical pressure of a hydrocarbon mixture generally lends to be 
higher than that of the individual hydrocarbon components. See paragraph 
[0074] and Figs. 8 - J 4 for several feedstock-solvent systems. Dean, in 
contrast, as noted above, operates under sub-critical conditions where 
vaporization of the feed occurs and the partial pressure is reduced to 
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facilitate vaporization. Nowhere does Dean provide any other teaching, 
suggestion or guidance us to the pressure to be employed in the FCC 
processing, lei alone providing a supercritical pressure in the reaction zone. 
Note that typical FCC pressures presumably implied in Dean, range from 
0.15 to 0,2 MPa (22 to 29 psi), see Kirk-Othmer Concise Encyclopedia of 
Chemical Technology, pp. 856-857 (1985), copy attached, whereas critical 
pressures in claim 1 are generally orders of magnitude higher at 4.8 to 13.8* 
MPa (71 5-20 1 5 psi) as noted in paragraph [004 1 ]. 

Dean is an FCC process not at all similar to the present supercritical 
solution conversion process of the present invention, which is patcntably 
distinct from Dean. See paragraph [0013]. It is respectfully requested that 
Dean be withdrawn as a section 103 reference. 

Johnson and Herhst are cited as secondary references against claims 
2-6 and 1 1-39. Since they are similarly directed to FCC processes, however, 
they similarly fail to fill the gap from the conventional FCC process of Dean 
to applicant's claimed invention. Neither reference teaches or suggests 
converting a high-boiling hydrocarbon with a hydrocarbon solvent at a 
solvent to feed ratio of at least 2:1 and at supercritical temperature and 
pressure of the feed-solvent mixture. 
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It is respectfully submitted that the present application is in condition 
for allowance. Should any issues remain that are appropriate to telephone 

resokttioiL nicasp. Contact nnHftrsionc»1 ^onn«rl 

Respectfully submitted, 

• j . /./ 

JAM 'it J 

Daniel N. Lundeen 

Reg. No. 31,177 

Lundccn & Dickinson. L.L.P. 

P.O.Box 131144 

Houston, Texas 772 1 9- 1 1 44 

(713)652-2555 

(7.13) 652-2556 Fax 

ATTORNEY FOR APPLICANT 
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